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1, General Consideraticns:

Radiation problems of the accelerator involve personnel protection,
damage to materials, and control of baclground intensities for cxperiments.
Personnel prwm%mtion has two aspects: expogurc to seccondary radiations
generated during accelerator operations, and exposure to residuzl radio-
activity during essential maintenance and develonment activities. TFor the
former, extensive shielding will be required around the accslerator housing,
energent beam runs and experimental targets,

Exposure to residuzl radicactivity (Raa) induced in accelerator compon-
ents and the inside walls of enclosures is of primary concern, and will
require some liritation of beam currents duwring initial operations, 2t
the Broothaven AGS the most serious vroblems of pergonnsl exposure at
prescnt are those involving induced Raa in the "hot spots" around intcrnal
targats, At the FAL, where the design beam power will be 200 times that of
the AGS, use of fdll beam current could‘soon lead to Raa levels which would
forbid personnel access, To the extent that some personnel access to the
hot spots at the AL is required for esscntial maintenance and develovment
activities, the Raa intensity should be kept below some practical 1lirit,
so as not to expend unwisely the acceptable tolerance to radinstion of the
maintenance and develorment staff, '

The induced Raa c@gs from beam spills in localized regiors such as
the ejection straight section for the emergent beam, Internal targets, ete,
Around the rest of the ring the beam loss 7.5 expected tc be small., It is
at these localized hot srvots where the problnnfof personnel exvosure to Ras
will be most acute, Hovever, it is just at these locations where the
problems of develomnent will be most severe, The bean gpill at an extraoction

area depends on percentoge of beam lors; the beam current can be raised by
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incressing extraction efficiency. At an Internal target location the
induced Raa depends on the effectiveness of local shielding aroﬁn& the
target and the experiment. Accelsrator comronents dovmstream from the
apill or target will have the hizhest Raa intensitirs; for these,sn?cial
quick-disconnect systems, local shielding and remote handling devices
will be required to minimize exposure to personnel., If Intensities due
to such hot components can be controlled, the whole-hody exrosure of
personnel depends on the ambient Raa from the rest of the accelarator
and the walls of the enclosure, We take this arbient Raa intensity

ag the effective value for analysls of whole-body radiation exposure,

If Raa intensity rises to excessive valuss, the beam must be turned
" off for a cool-dovn periocd sufficient for intensity to decay to acceptable
levels, After months of operation the very long-lived activities build up
to be a relatively large fraction of the residual Raa, theé decay rates
are slew, and long éool-down periecds are required for significant deoercases
in Raa intensity, The léngths of cool-dovm p-rieds should be minimized
to reduce off-time ard increase baam on-tire for experiments, The rroblem
is to balance thaz loss of beam time for experiments ageinst the desire for
high beam currents which lead to excessive build-up of Raa,

Analysis of thrse factors, coupled with persomnel exposure limitations,
will provide an estimate of the maximum bteam currents which should be
permitted during initlal cperations when some personnel access is required
for maintenznce and develcpment. The estimated beam spill intensities can
then be used to calculate the external shiolding required around hot areas;
to reduce external radiztion intensities to accepiable levels, In other
"quiet" portions of the ring the Raa will probably be low enough to allow
adeauate versonnel] eccess, and the ext-rnal shi2lAins can be much less,
However, in target areas, beam=dumps and other very hot areas, personnel
must be denied aceess, 21l handling rust be remote, and shielding must be

providel for the maximim anticinmated beam currsnts.
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2. Personnel Radiation Dosages:

The maximum perrissible dose (?ED) for radiation workers is based
on recommend-tions by the Interﬁational Com-ission for Radiological
Protection which have been aczepted and prorulgated by the U,3, Department
of Health and Welfare and the U.S5. Aitordie Energy Cormission., Radiztion
workers of age N years are permitted an accurmiiated whole-body dose of
5(1 - 18} rem, with a maximmm exnosure of 3 ren in any 3 ronths, This
has customarily been interpreted as implying dose rates of 5 ren/yr,

0.1 ren/40-hr veek, or 2,5 mrem/hr, FHowever, the established 1limit is
that accumulsved in 3 months, which we use as the maximum allowed value:

1 MPD == 3,0 r=n/3 months, The maxirum dose pernitted to the extremitiag

(i.e., hands and forearms) is 25 ren/3 months. It is exvected thet loeal

body shields will be used to reduce the whole-body dose to the MDD above,
Certain tyves of activities can be distingurished invelving different
personnel, for whom lengths and frequencies of exvosure can differ. Tor
rmaintenfee staff on a weekly schedule, for exa~nle, the v,b, dcge in a
gingle weelkly exposurs should not exceed 2,23 rem, Tor develonment staff
anticipating ne more than 1 exposure per month the liritation should te
1.0 ren, The emergency raximm for any single exvosur:z should never
exceed 3,0 rem, The number of successive exrvosures is linited by the age
of the individual, For z person of age 18 the yearly accuwmlaticn mmst not
exceed 5,0 rem/yr; he would be restricted to 22 wackly doses Of 0,23 rem incon-
year, #ith no hore thdn 13 in any cne 3-month paried. A person of age 33
without previous radintisn exposure would be alloved 12,0 rem/yr for © JoRrs,
then reducing to 5.0 ren/yezr. The time scheduling of doses to stay within
the rermitted accurulated dose 2t age N yezrs will ba the resnonsibility of

the Radiation Safety Division of the Laboratory.
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The permissible do;e levels given above determine the time duration
of single exposures at a given Roa. intensity level, WYhen access by unshielqqp
persomnel is required (vhich we define as phase I), levels must be lovw to
allew practical working times. A typle2l activity sdeght be 1o rermove o hot
enmzonent {i.e., 2 magnet septun) and rerlece with an improved nodel. A
sequence of operations might be involved, using different operateors, such as
disconnsction of electrical, water and vacuum circuits, installation of
pre=formed shiclding and removal of hot compenents, placement of local body
shielding, and a sequence of tool maninuwlations, The ambient Raa int-:ansJ'J::;F's
at the working Jocatlcn of each operator will determine the exposure times,
If the activity can be performed from within a shielded wvehicle (phase If)
the shielding factor will allow a higher external Raa intensity., In the
LRL Desien Study a shielded vehicle with 4,5-inch Fo walls is reported to
give a shielding factor of 4.6 x 1072, With thicker Ph walls and further
develorment we assure that a factor of 1.0 x 1072 can be achieved, However,
other li-itaticns are involved, such as the longer times neceded for manip-
wWations frow within a shielded vehicle,

In Tabtle 1 we list typical personnel exnosure times for phase I and
phase IT activities, for the 3 classes of workers described above, and for
gelected Raa intensity lewvels:

Teble 1, Tersonnel Fxmosure Tires
Raa Inten: Shielding Weelly lMainten: Honthly Develon: Emerg, lax.:
(ren/hr) Factor: (0.23 remfueck) (1,0 rem/month) (3.0 rem/3 mo.)
Phage 1: (unshiclded)
1,0 rem/ar 1.0 14, min ' 1.0 hr 3.0 hr
5,0 ren/hr 1,0 2.8 min 12, min 36, min
Phase IT: (shielded vehicle)
50 ren/hr 1 x 1077 28 min 2.0 hr 6.0 hr

100 rem/hr 1 x 1072 1} min 1.0 hr 3.0 hr
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3, Distribution of Raa Intensity:

In the main accelr~rator ring the hot spots will be localized in
regions whore beam spills ocecur, prirarily at the ejection straight and
around the internal target., Cther hot spots may be associated with clean-up
targets located in medium straights. And a less intense hot spot mey dovelop
at the injecticn straight due to spills of the 10-GeV injected bear.
Losses con be expected to be very small (< 0,1% total)around the rest
of the ring,

When high-energy vrotons are diverted out of the orbit by pulscd
ejection fields and strike a deflecting magnel septum or other obstacle,
they create a nuclenr cagcade or shover., The cascade huilds up to maxirum
Intensity (maximum number of ignizing secondariecs) within a few interaction
lengths of material (from a few inches to & inches of Fe, dopending on energy),
and then attenuates with a 1/e decay length of abouﬁ 130 gm/cm2 of matter,

another
For exarple, forward intensity 1s reduced to 19 in about'2,2 £t of iren

g; 7 £t of norral concrete. The higﬁest energy narticles, both primary
and secondary, form a- forward jet with small anguwiar spread, typically within
Wmradian at 200 GeV, Lower enefgy sceondaries spray cul laterally from
this-jet with a brosder angular distribution., The most venetrating of the
secondarins sjected transversely are fast neutrons of £100-HeV energy;

the intensity of these fast neutrons determines the thiclness and type of
shielding recuired aromnd the hot arsa to reduce external intensity to
acceptahle levels during operations. A weory great number of lower energy
secondaries are produced in the materizl traversed hy the shower, including
slov neutrons, The Raa developed in zccelarator components cores lergely
from Raa spallation produced by the very high energzy particles, The Raa

in the walls of the enclosure comes largely from slow neutrons in equilirium

with the lower energy secondnries. The total number of sscondaries, andthe
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resultant total Raa intensity within the enclosurs, are closely propertiocnal
to the total powér in the beom spill.

The hot zrea dowmstream from a beam spill is limited in extent., If a
cascade jet origirates in and itraverses solid rmaterial, the production of

primarily
spallation Raa is'localized in the region of mmjor attenuation of the jet,
which is less than 10 ft in length, High energy secondaries which emerge
transversely from the solid material, bubl have a forward direction, extend
the Raa further downsiream, At the Brookhaven AGS (30 GeV) the Raa drops
beyond

to about half intensity &t 15 ft,feem the targ-t location, At 200 GeV the
angular distribution will be more sharply forward,with the opening angle
. decreaszed by the ratio of energies or by a factor of about /7. Depending
of the transverse shielding ar~und the jet, the major depcsition of Raa
may extend dovmstrean for a distance of about 100 ft, The fast neutrcns
which emerge transversely will “be 2ssociated with this distribution of
spallation Raa, The region requiring thick external shielding is limited
to this relatively loealizod hol spot,

Another type of spill can occur wi%h thin targets or sootuns when the
scattered
'varticles are projected dovmstream through the vacuurn chember or through air.
Mcat of these can Be caughf on Yelean=up" targets atithe edges & the
aperture, and their spills confined to local rezleons beyond these tarzets,
Some ray miss the c¢lean-up targets and svray out acainet chamber walls,
extending dovmstr=om for about 4+ betatron wavelsngth or about 250 £,
Again, the extent is 1irited and external shieldinz is needed only sround
the hot spot, If the aceclerator is mistuned the location of spills can be
cbserved by radiation meonitors in;talled in the ring, and the orbits can e
corrected from the contrel console, The infrecuency and linited time duration

of such off-rasonznce svills shonld make thicl extsrnal shielding unnecessary

aromnd these normally "ouiet" nortions of the ring,



-7~ FH-109
1100.0

4. PBeom Power and Raa Intensity:

Experience at several lahorctories confirms the expectation that
total Raa Iintensity developed beyen& a svill or target 1= closely propor-
tional to beam power in the s0ill, within the cnergy ronze where nucleonic
showers are dominant in attenuation of the beam, The promortionality factor
is affected by the chemical constitutents of materis] in the region wvhere
the shower develons, and on the amemni and arrangeront of transverse
ghielding arnuné the region of the shower. Experiental evidence iz available
only for energies up to 30 GeV,

At the Broolvhaven ATS, following long runs =t eneréies up to 30 GeV,
at an average beam current of 4 x 1011 protons/sec, with 90% of the beam-
striking an internal target (107 lost around the orbit), the ambient Raz
intensity within the (concret:) enclosure, when hot spots were locally

observed to be

shielded, was'about 1 rem/hr after a A2 hr cool-down, In local regions close
to {tool distance; major hot spots and without locsl shielding, the Raa
intensities vere in the range 10 to 50 rem/nr. At thiéfintensitgjthc
handling of essential raintenance activiticrs by the AGS operations group
without excending prrmissible exnosures --s been ongof the major nrotlens,
The beam poser spilled at the target was 1,9 kilowatt. The ambient Raa
efter 45 hrs cool-dowvn, following long runs, can be expressed as:

Raa Inten, (42 hr) = 0.52 rer/hr per "ilowatt.

In the AGS conversion program for higher intensily now in rrogress,
the goal is for 2 x 1012 p/sec; at 33 eV and with 0% on target, beam
pover will be 9,5 kw, The Raa intens’%y expected after 48 hrs is 5 rem/hr,
in agreement with the value of Raa per ¥ilovatt given ahove, It is
expected that some minimal personnel ~ccess can be allowved, with maximum

precautions, for essential tasks tha* cennel be handl~d by remcte coutrol,
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Improvements can cértainly be made in.thc Raa per kilowatt in the
200 GeV machine. Spallnticn products dorinate the Raa in the dense metals yee.
tAd accelerator cornonents., The ambient Raa can be reducad by thick transverse
shielding around the areas of shower developrent, or bty more effective local
shielding of exposed hot spots such 2=  upstream fzces of deflecting mignets
or other cornonents, It is wunlitely that the cherical cormvosition (i.e., Te,
Gu, steinless steel) can be modified to chance the svallaticn Raa girmilicant):
In enclosure walls the inducsd Raa due to slow neutrons is an imnortant
corvonent, Addition of small amounts of boron to the concrote aggregate
can reduced the slov neutron Raz; the factor by which this could redusce the
ambient Raz level is difficult to estimate and probably small,

Another pessihle advantage at 200 CeV is the forvard-folding of the
angular distribution of high-energy secondaries, which nmight retain a larger

: : dovmetras
fraction within the vacun chamber or air bevond a septun, and so extend!
the locations whefe shovers in s0lid maiter originate, The maximum factor
by which the Raa could be lonzitudinally distributed along a stroight section
i3 the ratic of energiss (7:1.from 30:200 GeV), However, this spatial
extension can only be achieved with careful design, If the rajor part of
2t one voint

the showver originates'and continucs “hrough solid material, the shover will
be concentratad in a region not significantly longer than for 30 GeV,

The rouction of the Raa/lor factor will require continuous dovelorment,
especizlly following the start of coperations, In the absence of any provable

irprovenent at the present stage of design, we will use the factor obtained

from Brockhaven for estimating Raz intensities as a function of spill power.
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5. Decay Rates and Cool-dcwn Schedules:
The decay of induced Raa in a hot area densnds or the materials

being aétiv&ted, their different activation cross-scetions and deecoy rates,

egpocially
and e~go on the build-vp of very long-lived setivities., Hith the mixtures
of materiale used in accel-rator com-onents and enclosure valls, the observel
deeay rates from the several laboratories are hishly variable and also ¢honee
with time, The best experimentzl evidence at present is  from the Erookh-ven
AGS, After ronths of opsraticn at encrziss of 30 GeV with an ave.rare beam
currant of 2 % 1011 protons/sec, znd a cool-dovm period of A8 hrs, the

ambient Raa within the inside~torget enclosure was observed to follew the

relation: I= I, t70*% (t in hours). This relation is plotbed in Fig. 1

on a log-log scale of relative intensity vs, time, extend-d boekward and
arbitrarily normnlizod ot 1 hr and forward to 10% hrs, This resglt is
conslstent and reproducible only zfter vory long runs at rel~tively constant
beam current, and only follewing a relatively long cool-dowm pariod such a
4R hrs, The zitenuation factor due to decay from 1 hr to 457 hr, coning fron
this extrapolation, is 0.21 ; at 4% hrs the further %ire to decay to halfl
intensity (not the "™alf-1ife") is over 200 krs, It is cleur that long-1ived
activitiecs 5&v= beconme very significant after several years of opcration,

The 4%hr cool-lovn is nov used as a minirun ot both the Brockhsven ACS
and CZIRH F3, associated with bi-weekly maintenance schedules, This long
cool-dovr is found necess ry due to the slow decay rate described above,

And both laboratories are now severely restricted in further develovont
worl within hot areas by the high Eaa levels even following a 48-hr cool=doum,
Years of develonrent to minimize replacements and achieve high reliability

have bo n required to allow such infreousnt maintsnance periods and long

¢ool—davms,
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Desvite the hest efforts in desien and plonning, it scems wnlilely
that the Hil accel-~rator can schieve equivalent relisbi’ity until scme
time after initial omcrations start, Shorter raintensnee schedules and
shorter cnol-dewn neriods will be necessary and, for a time, a sienificrnt
fraction of both of fi-time cnd besrn-time must dbe apnlied %o develonrent,
During these d-velorment activitice cool~down rorieds of 1 hr for short
Jobs are indicéted; for jobs reguiring lonzer vnersonnel access, longer
cool-donn ovariods can be allowed, The Ras Intensity in the hot areas shotild
be redintained at levels such th~i practical psrsonnel exposures can be

a

scheduled after’l hr cool-dovm,
6, Maximm Raa Tntensity. and Beam Current Limitations:

The ambient Raa intensities vwhich allow practical lengths of exposure
time for the three classes of personnel describel zbove, ore listed in

access
Table 1, for unshielded access (rhase I) and'within & shielded vehiele (vhase I
A general recormendation now follows based on the analreis of conl-dovm rates
discussed above, TFor access by unshielded personrel after l-hr cool=-dovm,
the Raa intensity should not exceed 5_rem/hr; which arill” decay to ) rem/hr
after Z8-hr cool-dcwn, Referring to Table I, this will allow wnshielded
access for the times listed for 5 rem/hr for the thres classes of personnel;
the 2llov=hle (i)l be
after 4%hr, with intensity deécaying to 1 rem?hr,lexposures-aye E—tircs longer.
Similar 1irits can he set for phase II activitiss usins a shiecided wvehicle,
t fn
The Raa intsrsity should nev exceed 100 rem/he, which arillY " decay to 20 rem/hr
A

after 42 hrs, This a]lm}shgxposure times aficr 1 hr ziven in thr last row
in Table 1; after 4%-hr cool-dovm the tires will he 5-tirces longer.

Some critarion rust be found to establish Raa intensity levels resuliing

in proctieal durations of personncl access for raintenance and develormrent

activitics, Those described above and Tisted in Teble 1 seem reascnatle,
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The design beam current at the NAL at 200 GeV is 1,5 x 1032 protoens/sec;
this renresents a total beam pow;r of 480 kilowatts. It can be comparad with
the past AGS output described ezrlier of 1,9 kw on an inside target.

Plans at NAL include ejoction of a single emergent hcam, with switching
magnats to direct the beam zpainst 3 or more targets, The efficiency of
the pulsed ejection mognets and tie septum-{type deflection magnets which
:/produCe and control the emergent bheam, will determine the percentage of
j beam spill and the power in the spill in the ejection straight section,

4 long extraction poriod is desired to extend the extend the time
duration of extraction over 1 sec, or 25% duty cycle. The highest efficiency
for long-pulse extraction achieved to date is about 80%, at the FS ot CERN;
an improved systen aimed at less than 10% loss is being installed at the AGS,
Conceptual designs of an ejection system for the FAL machine suggest a
much higher efficiengy, with less than 2% spill Jloss initially and 1% or
lower with further developrent. In caleuwlating the beam spill pover in the
ejection straight we will use spill fractions of 0,1, 0,02 ord 0,01 to
represent successive improvenents during developrent, Mt an internal target
the spill fraction is talen as 1,0 . In the absecnce of any conclusive
evidence to the contrary, we assume the same Raa intensity per kilowatt of
bean power observel in the AGS] »£ Raa Intenﬁ?ﬂhr) = 0,52 rex/hr/kilowatt,
b—— Table 2 lists the Raa intensities to be expected after 1 hr and 4% hrs,
over the above range of spill fractions, at the design intensity:

Table 2: Raa Intensitiog at Design Beam Cufrent:
(1,5 x 102 p/szc at 200 GoV)

Spill Fraction: Fower: Raa Inten,: Raa Inten:
(1) (rem/hr)€1 hr (ren/nr) € 48 hr
1,0 (int, keam) 480, 1200, 250,
2.70,1 (1093 spill) 48. 120, | 25.
0.02 (2% spill) 9.6 2L, 5.0

0.01 (1% spill) 4.8 12, 2.5
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We note from Tabler2 that the ambient Rza intensities =nticipated
at design beam current and enersy exceod those described above for vhase I
(unshieldel) activities., Clearly some reduction in beam current is necessary
as long zs sore wnshislded nersonnel access 1s required, lMany months of
develovment czn be anticipated to achieve lover Raa/loar and lower spill
frzetions. Until such develonnents are successful, the bean current in
long runs should be lirited, In Table 3 the maxdimum overating beam currents
are listed which should result in the allowanle Raa intengity lirits

describrd above for the two phases of activity:

Tablejg, loxinum overating Beam Currents

- Aeedoralon
Bl w Spinl Raa Inten: Bean vower: Beam current: TFraction
fraction: (rem/hr) ¢ 1 hr (lw) {p/sec) of desisn

Phase I: 1

int, heam = 1.0 5.0 2.0 6,2 » 109 0.004
emer.bean 9,1 5.0 20, 6.2 % 1041 0,04
emer,.bean 0.02 5.0 1Co, 3.1 x 1012 0.21
emer, boam 0.0 5.0 ' 200, 6.2 x 102 0.42
Thase II:

int, beam 120 100. L0, 1.2 x 1012 0,08
ener, bean 0.1 100, 4,00, 1.2 x 1013 0.83
emer, berm 0.02 24, 420, 1.5 x 10- 1.0
emer, heam 0.01 12. 480. 1.5 % 1043 1.0

From the abkove Table 3 we find that beam curient must be linited
for a1l levels of efficiency dufing phase I activties, and for lowmefficiency
extraction during ph2se II (shielded vehicle), The maxinum allowsble
spil?

tean'power for wnshielde’! personnel zccess is 2,0 kilowstis, corresnonding
. ’ &)

to a Raa intepsity C 1 hr of 5,0 rem/hr.
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7. Shielding for Hot Arsas:and the Main Ring:

If the miximum beom-spill powver is to be limited as indiecszted above,
the intensity of fast neubrons and-other gecondnry radittions generated
in the svill will be reduced in direct proporfion to the spill pover,

This means thot the shielding recuired around the hot oreas is also
reduced helor thot needed if hign-vower s»ills were to be alloved,

The magnitude of this minimal shielding csn he estimated from the
observed radiation intensity cutside the shield at the AGS during operations,
In one nensurement cutside the standard overhecd shielding of 1 ft of concrete
and 10 £t of sand (density 1.9 g/cm3), vihen the beam spill pover on an
internal target wis 1.© kilow-tts as described abové, the radi~tion
intensity 2bove the shielding was about 1.0_rem/hr. fouw, if the bewm gpill
power in a hot area at the NAL were lirited to 2,0 kilowatt, in order to
restrici the Raa intensity to 5.0 rem/hr after 1 Ir, the same amount of
shielfing as used ait the AGS woudd result in a radiation intensity outside
the shield of 0.1 rem/hr, This is 1/30 of the 1TD for radintion worlers
for 3 months; a merson exrosed to this fadiﬁtiom for 1 hr wouvld raeceive
a dose ecuivalent to 3 days ot the NHFD rate, If snill nower were to be
20 Jimited, and only this amomt of shi-lding were installed, the judicious
use of fences to kzep staff avay from the hot area regicns conld make this
intensity acceptable.

This is not intended to suggzest that the AGS shielding is adequote for
hot spo£s 2t the MAL, Actui?ly, much higher bHeam apill powers can be and
will be usad tewporarily at tne HNAL, particwlerly during early stages of
operation befcre the long~lived Raat's hove develeped, The shield thickness
to be insinlled should be determiﬂed from the moximm anticivated spills

and from attenuntion calculations,
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Another siturtion deservins analysis is the radiation dose which
voudd be given to a person outsife'the shielding resulting from an
accidental soill of the entire beam at one point in the orbit, Again,
easune the some shield thiclmess as ot the AGS, of 1 £t conerete plus
10 ft of send, for waich o beam snill of 1,9 kilovniis gave a radistion
intensity of 1,0 rem/hr cutside the shield during operations., The maximunm
design beam power iz 480 ¥ilowatts, If one pulse at full intensity were
accidentally snitled the energy in the pulse would be 4 times A80 or
1,900 kilojowles/pulse (a2t the cyeling rate of 15 milses/minute), The
time-average radintion intensity outside the shield would be 420/2.9
or 250 rem/hr or C,07 rer/sec. The external radi-tion dose due to oune

pulse would be 4 times 0,07 or £,2° rem/oulse, This dose/pulse is

less than 1/10 of the MFD for 3 ronths, equivalent to 2 days exposure
at the MID rate, OConsidering the low probability of such full-intensity
accidental spills, this dose is not excessive, So the shield thickness
at the AG3 would be (barely) adeauste for protection aeninst single
accidental spills at the FAL, if installed around the entire ring,

These calcul~tions ahove based on the shield thickness at the AGS
are not to be taken as a reccrrendation for the use of such thin shielding
at the NAL., Rather, they are useful to illustrate the special conditions
descri3ed above, in which spills are limited at all times to spill powers
of 2,0 rilow-its, in order to avoid excessive build-up of Rea within the

hot areas,
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8, Radintion Policy “uestions:
The most siznificant result of this analysis so far, is the concept

it provides of a basic volicy avrlying to radistion protection vhich

been customary %o desiem for moximm ﬁosaible bezm current and to direct
develorments toward achieving this resu’t 2t the earliest possible dates
beam spills apnd Raa were considered necessary evils to be cointered by
instaliztion of heavy shieldéing ard special handling devices, The success
of AG synchrotrons such as the AGS and IS in achieving beam cwrrents far

greater than their design values hus been greatly appreciated by scientific

By

users, but they have exceeded their designed shielding and have reached
unsofe levels in the build-up of induced Rera, to the extent that further
efforts to improve beam-hangling efficiency are severely handicapped,

An alternate molley feor the MAL acceleraztor would be to pilace first
priority on the develovrent of béam ejecticn ond handlirng devices to
increase efficlency 'nd decranze spill losses, with beam currents meanwhile
limited %c allow safe personnel access for these continuing develorments,
Successful steps in this develorment would be followed immediately by
raising the allowed bean current limits, This analysis suggests thet
ultirate success in this develorrent can reasonably be anticipated, and
that the design beam current can be achieved, withoub exceeding the Ran
intensities reouired for practical periods of personnel zccess, Once
this go2l is achieved, the Raa irtensities in the hot arezs need never
grow zbove thz levels established for rersonnel safety and further develop—

ments will be expedited,
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Following this alternnte policy of control of radiation, a high
priocrvity will be given fto the eirly develomment and iesting of beam
ejection and beam handling devices, FEe~m current will be limited during
initial operztions to velues which will not vroduce Ran intensities grecter
than those specified to allow =z practicel aorount of unshielded personnel
eccess, Raa intensity will not be allowad 1o buiid up to the values
listed under phase IT activitiss until shielded wehicles and techniqu-s
for using them have heen developed snd %ested,

The earth fill shieldindg instnlled during construction can be lirmited
to thet avail-ble as backgfill fron the ecrth exeawted for the construction
of the tunnel-sheped enclosure, redistributed to provide a uniform covering
of the ring. Aside from factors such as strenpgth of the enclosure
structures; costs for the earth-fill shielding should not greatly exceed
those for normal Backfi?l. During early stoges of operaticn at low bemm
currents, measurements of radintion intensity and of the induced Raa showld
identify wnmantleipate? srills, vwhere tﬁn earth fill can be increased :zs
needed.

If this policy is accepted and earried out, it shouwld lead ultimately
to an accelerator with such exce’lent beam control and hendling systems
that spills around the ring will be minimal and the build-up of induced Raa

will never hecone a gserions threat to personnel  z2ccess.
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